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~ ABSTRACT - 


In 1983, the New York State Department of Transportation constructed a 
project to rehabilitate a severely faulted concrete pavement. 
Rehabilitation included; partial pavement grinding to taper off faulted 
transverse joints, reestablishing structural integrity at some of the 
faulted joints by retrofitting load transfer devices, and resealing all 
transverse and longitudinal joints. 


Interstate 84, near Ludingtonville, New York, was the location of this 
experimental 3.6 mile contract. The original pavements were 15 and 17 years 
old at the time of rehabilitation. Retrofitting load transfer devices was 
the "experimental part" of this grinding and resealing contract. A total of 
292 University of Illinois load transfer devices were installed in 78 
transverse joints. The University of Illinois devices were placed in groups 
of 3 or 4 per joint. In addition, 336 I-beam dowels were placed in groups 
of 4 or 8 per joint. Both load transfer devices were bonded to the original 
pavement slabs using polymer primer and polymer concrete. Traffic was 
allowed over the load transfer devices after the polymer concrete had cured 
for two hours. 


The performance of both retrofitting methods varies. The dowel 
installations are continuing to provide load transfer after ten months in 
service and no debonding of the polymer patched areas, from the original 
pavement slabs have been noted. The University of Illinois load transfer 
devices had an early 16% debonding rate caused by poor polymer concrete 
consolidation and insufficient primer adhesion. The remainder of these 
units are continuing to provide load transfer over the same time period. 
Long term performance monitoring of the retrofitted load transfer devices 
will be continued. | 
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INTRODUCTION 


Hundreds of miles of Portland cement concrete highways were built in New 


York State under the intensive building programs 
1960's. During this period, many of our primary 


of the late 1950's and the 
routes were constructed, 


including a substantial portion of the interstate system. These highways 
have served the public well, but many have exceeded their design lives and 
now require rehabilitation. Presently the Department is faced with 
correcting the existing deficiencies found on these older highways, as well 
as restoring rideability and extending their service life. 


In more recent years, pavements beyond their service life have shown signs 
of distress caused by unpredicted volumes of traffic and unanticipated wheel 


loadings. Heavy concentrations of deicing salts 


and lack of remedial 


maintenance have also contributed to these pavements rapid deterioration. 
One frequently occurring form of pavement distress being accelerated by the 


combination of these factors is joint faulting. 


Joint faulting is 


associated with concrete pavement originally constructed using two piece 


malleable iron load transfer devices. The joint 
reduced the service life and dope btreartd of many 
pavements in New York State. 


JOINT FAULTING 


faulting problem has 
Portland cement concrete 


Joint faulting is the differential vertical displacement of abutting slabs 
at joints and/or cracks creating a step deformation in the pavement surface. 
As wheel loads move across a transverse joint, the loads must be transferred 
from one pavement slab to the next. When the two piece malleable iron load 
transfer devices supporting both slabs corrode and fail, the structural 
integrity of the joint is lost. The leave slab settles in reference to the 


approach slab, creating a step or “fault™ in the 


1). 


vertical 


pavement profile (Figure 
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Figure 1 - Joint Faulting 
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The cause of joint faulting is loss of proper joint support (failure of load 
transfer device) across the transverse joint. Unfortunately faulting is not 
simply explained. Rather, the interaction of several situations initiates 
faulting. The following are usually prerequisites: 


1% High truck traffic volumes. 
2. High truck axle loads. 


ae Lack of properly sealed transverse joints allowing water and corrosive 
deicing salts in the joint. 


4. Water in the area below an improperly sealed pavement joint weakens the 
‘subbase and promotes pumping of subgrade fines up through the joint. 
Pumping creates voids under the pavement allowing room for slab 
settlement. 


5.  Deicing salts entering the unsealed joint corrode the iron of the load 
transfer device in time. 


6. During the normal pavement slab expansion and contraction, metal loss 
occurs as the iron pieces wear against one another. 


nf Incompressibles in an unsealed joint causes a widening of the joint 
'  wuntil the ends of the load transfer device are no longer in contact 
(Figure 1). 


NOTE: This contract (D250399) also included subsealing some concrete 
slabs at faulted transverse joints. Installation of edge drains 
was also a feature of this project. The performance of these 
items will be evaluated and reported on in a separate publication. 


SHORT TERM SOLUTION 


Grinding the pavement surface with closely spaced diamond sawblades to taper 
off the high side of a faulted joint has proven to be a feasible short term 
solution to faulting (Figure 2). Full and partial pavement grinding are two 
types of rehabilitation techniques presently used. Full slab grinding is 
useful in situations where increased friction is required over the entire 
pavement surface. Partial slab grinding is used to even off the vertical 
Slab displacement associated with faulted joints and is done only in the 
area adjacent to the joint to avoid the expense of grinding the entire 
pavement. Initially, full and partial grinding evens off the pavement 
surface and improves rideability by eliminating annoying bumps. However, 
experience has shown that faulting will reoccur at a rate of 1/16" per year 
if load transfer is not restored at the same time. Thus, grinding is only a 
short term solution which does not address the cause of faulting. 
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Figure 2 -— Partial 
Grinding of Faulted 
Transverse Joints 





LONG TERM SOLUTION 


In an attempt to reestablish load transfer at transverse joints and thus 
prevent faulting from reoccuring after grinding, two types of devices have 
been installed and are currently being evaluated. Both were installed 
during 1983 in 130 of the 629 joints of a 3.6 mile contract on Interstate 84 
near Ludingtonville. All the “retrofitted" joints were located in the 12 
ft. wide driving lane of this four lane divided highway. 


The first device experimentally installed was the University of Illinois (U. 
of I.) load transfer device. This device is designed for vertical insertion 
into a standard 6" core hole which straddles the transverse joint. The unit 
is designed to allow for horizontal movement of the slabs with seasonal 
variations of temperature. Either 3 or 4 devices were installed per joint 
(Figure 3). Polymer concrete was used to bond the device to the existing 
concrete. 


The other device experimentally installed was an epoxy coated I beam dowel. 
This device is placed in slots sawn perpendicular to and across the 
transverse joints. Each 18" long dowel is coated full length with a 
suitable bond breaker and is oriented parallel to the centerline of the 
pavement to ensure future horizontal joint movement. A special jig was used 
to hold dowels parallel to the centerline as polymer concrete was placed. 
Either 4 or 8 devices were installed per joint (Figure 3). Again, the same 
polymer mix was used to bond the dowels to the existing concrete. Both 
retrofitting methods are described in detail in the following construction 
sequences and in the specifications in Appendix B. Both types are installed 
while traffic is being maintained in adjacent lanes. Traffic was rerouted 
over the installed devices after the polymer was cured for two hours. 
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Figure 3 - Spacing of Load Transfer Devices 


CONSTRUCTION SEQUENCE - UNIVERSITY OF ILLINOIS LOAD TRANSFER DEVICE 


The following construction sequence was used to install the University of 
Illinois load transfer device after grinding had been completed. 


An epoxy coated and a stainless steel University of Illinois load transfer 
device were both installed on this experimental project. 


To install the U. of I. device (Figure 4), a core hole is established for 
each unit. A coring rig is used to drill six inch diameter holes, each hole 
being centered across the transverse joint (Figure 5). Three or four core 
holes were cut for each joint to be retrofitted. The core holes were spaced 
as shown in Figure 3. This spacing was used to support the wheel loads and 
to avoid the existing load transfer devices. The orientation of the device 
in the core hole is shown in Figure 6. The core hole walls are prepared for 
application of polymer primer and concrete after the concrete cores are 
removed. 
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The depth of each hole had to be adjusted because the University of Illinois 
device should be positioned 1 1/2" below the pavement surface. This 
clearance was required to avoid damaging the installed load transfer device 
when sawcutting a reservoir for joint sealant. A bar was used to loosen the 
well consolidated subbase to establish proper hole depth. When doing this, 
care was taken not to contaminate the core hole wall with subbase material. 


Once proper hole depth was achieved, core hole walls were sandblasted to 
provide a better bonding surface (Figure 7). A round steel plate slightly 
smaller than the core hole was attached to a threaded rod and placed in the 
bottom of the hole to protect the subbase during sandblasting. When the 
sandblasting was completed, the plate was removed and ny excess material 
vacuumed from the hole. 


Masking tape was placed over contraction cracks in the hole wall to prevent 
polymer concrete from bonding adjacent slabs together. A plastic disk was 
then inserted in the bottom of the hole before priming. This disk prevents 
the primer and liquid portion of the polymer concrete from being absorbed 
into the subbase. A two component primer supplied by the polymer concrete 
manufacturer was brushed on the wall surface (Figure 8), the intent being to 
enhance the bond between the polymer concrete and the existing concrete. 


Figure 7 -— Sandblasting 
Core Hole Wails 
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Figure 8 -— Masking Tape 
Sealing The Crack, And 
Primer Applied To Core 
Hole Walls 





Completing the construction sequence involved mixing and placing the polymer 
concrete. Once the load transfer device was installed in the hole, care was 
taken not to disturb its orientation. The polymer concrete was mixed in a 
plastic bag to the following proportions: One 30 pound bag of polymer 
powder, 57.5 oz. of polymer liquid and 20 pounds of 3/8 inch crushed gravel. 
The polymer mix was poured directly from the bag into the core hole. Two 
lifts, each requiring consolidation by rodding, were used to fill the hole. 
Fiberboard was wedged into the transverse joint above the installed device 
to act as a filler and establish a reservoir above the device (Figure 9). 
The polymer concrete reached its final set in approximately a half hour and 
the pavement was opened to traffic in approximately 2 hours. 
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The final operation was to sawcut along the repaired transverse 


cation of joint sealant (Figure 10) 


4 


remove the fiberboard bond breaker and to provide a reservoir in the 


transverse joint for appl 
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Figure 9 -— Fiberboard Used 
As Bond Breaker Over A 


Stainless Steel U. 
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Figure 10 --Liquid Sealant 
Applied To Joint Reservoir 
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CONSTRUCTION SEQUENCE — DOWEL LOAD TRANSFER DEVICE 


The following construction sequence is used to install the dowel load 
transfer devices. After grinding, slots for dowels were established by 
sawcutting grooves perpendicular to the transverse joint (Figure 11). The 
concrete pavement was removed from between the grooves using a chipping 
hammer to form the slots. Four or eight slots were created per transverse 
joint. 


Dowel slots were prepared in the same manner as core holes for the U. of I. 
installation. Masking tape was used to seal the contraction crack at the 
transverse joint. The tape prohibits polymer concrete from flowing into the 
joint and bonding adjacent slabs together. Foam backer rod was used as a 
bond breaker to cover the contraction crack in the bottom of the slot. 

After sandblasting, polymer primer was applied to the slot to improve the 
bond between the polymer concrete and existing pavement. 


Figure 11 - Sawcut Grooves 
Used To Establish Slots, 
Pavement Is Removed From 
Between Grooves To Form 
Slots For Dowels 
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In order for the transverse joint to function properly during an expansion 
and contraction cycle, each dowel must be parallel to the centerline of the 
pavement. Skewed dowels lock up a transverse joint and cause stresses to 
develop in the pavement slabs. Therefore, it is critical dowels have the 
proper orientation. A fiberboard separator is placed mid way on the dowel 
to separate the polymer concrete on either side of the joint. To ensure 
correct orientation, a special dowel holding jig was manufactured by the 
Contractor and was used as the initial placement of polymer concrete cures. 
(Figure 12). Prior to installation, elastic straps held the dowels securely 
to the jig (Figure 13). Care was taken to align each jig parallel with the 
centerline of the pavement (Figure 14). 
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Polymer concrete was placed in two lifts. The first lift, in the bottom- 
center of the slot, allows the polymer to cure and bond the dowels in place 
without bonding the supporting jig in the slots. Once the first lift cures, 
the end straps and supportive jig were removed, leaving all dowels aligned 
properly in their slots (Figure 15). The second lift fills the void 
remaining in the slots. This polymer concrete was consolidated and finished 
by hand troweling (Figure 16). 


Figure 12 - Special Jig 
Used To Hold Dowels At 
Proper Depth & Orientation 





Figure 13 - Elastic Straps 
Used To Hold Dowels On Jig 
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Figure 15 - Cured Polymer 
Concrete In Middle Of Slot 
After Jig Is Removed 





Figure 16 - Final Hand 
Troweling Of Dowel Slots 
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Completing the dowel installation involves sawcutting a reservoir for joint 
sealant through the fiberboard which separates the cured polymer concrete. 


INVESTIGATIONS 
Load Transfer Devices Number of Total Number 
Device Type Per Joint Joints Installed 
University of 3 20 60 
Illinois 4 58 232 
Dowel 4 20 80 
8 32 256 


Contract D250399 


Listed above are the combinations of load transfer devices installed per 
joint. A total of 292 University of Illinois units were placed in 78 
transverse joints. By April, 1984, 46 U. of I. devices had failed. These 
failures are characterized by a semicircular crack at the interface of the 
polymer concrete and the existing pavement slab (Figure 17). Construction 
records indicate 30 of the 46 U. of I. devices that failed were installed 
on the first two days of placement and failures only occurred on all but one 
of the joints containing four devices. 


A total of 336 dowel load transfer devices were installed in 52 joints. By 
April, 1984, none of the dowels had failed. 


Figure 17 - U. of fi. 
Failure indicated By 
Semi-Circular Crack To The 
Left Of The Joint 
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Comparison of bid prices for installed devices shows the dowel method to be 
more expensive per joint than the University of Illinois method. However, 
the dowel method has performed better to date than the U. of I. 
installation. 


In response to the University of Illinois device failures, cores were taken 
from the failed installations in an attempt to determine the cause. Several 
observations were noted from these cores. Honeycombing of the polymer 
concrete was evident. The polymer primer did not appear to be absorbed by 
the existing concrete, and was easily flaked off the core hole wall surface. 
The cores also revealed a large void between the flange of the device and 
the core hole wall (Figure 18). A 1/4" space between the flange and the 
core hole wall was specified as a minimum with a 6" core hole (Figure 6). 
The aggregate used to extend the mix (type one stone), was 3/8" size. 
Possibly the consistency of the polymer concrete was too dry, and some of 
the 3/8" stone blocked the 1/4" opening, preventing the stiff mix from 
flowing behind the flange. 


det 


Trae 


Figure 18 - Large Void 
Between Flange Of U. Of I. 
Device And Core Hole Wall 





To address the polymer primer problem, a direct shear experiment was 
conducted to determine if the primer was developing sufficient bond to the 
existing concrete. Samples for the direct shear test were prepared by 
bonding polymer concrete to original pavement cores with a polymer primer 
interface. Perhaps moisture in the core hole decreased the primers bonding 
capabilities. Results of the direct shear tests showed that the oven dried 
pavement samples bonded to polymer concrete with a primer interface had 
higher shear strengths than saturated surface dry samples prepared in a 
similiar fashion. The results of the direct shear test are in the following 
listing. 
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Shear Test Results 


Sample Primer No Primer 
Saturated Surface Dry 500, 520 psi 520 psi 


Pavement Core 


Oven Dried Pavement 607, 639 psi 880 pat 


1) Problems during shear testing of this sample, value may be 
erroneous. > 


It's normal that a certain amount of moisture will be absorbed from the 
atmosphere by the concrete walls of the core holes. This situation is 
simulated by the saturated surface dry shear test samples. The above 
results show that the polymer primer bonds better to a dry concrete surface 
than to one that is saturated surface dry. To improve the polymer primer's 
bonding abilities, it is recommended that core holes and slots be investi- 
gated for the presence of moisture prior to primer application. If moisture 
is present, the holes or slots should be dried with a heating device and 
allowed to cool before polymer primer is applied. A soft paint brush, which 
is changed frequently, is recommended for application of the polymer primer. 


University of Illinois load transfer device failures appear to be caused 
from a combination of unrelated factors. The fact that only one failure 
occurred in joints using 3 U. of I.'s per joint and the remaining failures 
occurred in joints using 4 devices per joint indicates this problem is not 
load related. Transverse joints incorporating 4 devices should be stronger, 
but since the majority of failures occurred in this situation, it indicates 
the problem is construction related. Since this is an experimental 
construction technique, a certain amount of trial and error is involved. 

The fact that most of the U. of I. devices that failed were installed during 
the first two days of load transfer device placement confirms this. Poorly 
consolidated polymer concrete was associated with many failures. The 
honeycombing and voids that accompany non-consolidated polymer concrete 
results in less polymer surface area in contact with the bonding surface of 
the pavement slab. This develops stresses, in the areas that have bonded, 
which are higher than anticipated. Along with this, the polymer primer 
doesn't appear to be absorbed by the existing concrete. In cored failures, 
the primer was easily removed from the original pavement slab with a knife. 
It is felt that the combination of inexperience, poor polymer concrete 
consolidation, and insufficient polymer primer bonding has contributed to 
the majority of the U. of I. failures. 
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1) 


2) 


3) 


4) 


CONCLUSIONS 


Load transfer devices can be installed while maintaining traffic in 
adjacent lanes. Traffic can be placed over the completed load 
transfer device installation after 2 hours. 


Debonding failures of the U. of I. type devices are associated with 
primer bond failure and lack of consolidation of polymer concrete. 


- 46 out of 292 U. of I. type devices have debonded during the first 


six months of service. No evidence of debonding of the dowel type 
device has been noted after ten months of service. 


Investigation of the failures of the U. of I. device has shown that 
improving polymer concrete consolidation is necessary. Also, 
polymer primer should not be applied to a wet surface in the core 
holes or dowel slots. 


Performance monitoring of the load transfer devices should be 
continued. 
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APPENDIX A 
The installed bid prices for each device is listed below according to 


contract (includes polymer concrete): 


Contract D250399 : —~“Tetting date - 04/28/83 


Quantity Installed 


University of Illinois ~ $ 80.00 (each) 292 
Dowel Bar - = $100.00 (each) 336 
Contract D250602 Letting date - 06/23/83 
Proposed Quantity Installed 
University of Illinois - $ 75.00 (each) 1000 
Dowel Bar = $ 85.00 (each) 2000 


APPENDIX B 


NOTE: The specifications included are currently being revised to correct 
construction problems encountered on the first contract. 


ITEM 18502.2402 - U of I RETRCFIT LOAD TEANSFER DEVICES FOR TPANSVE2SE 
SOINTS IN PCRTLAND CEENT CONCRETE PAVEENT 


DESCRIPTION : 
Under this item, the Contractcr shall furnish and instell new retrofit lcad 
transfer devices in accordance with this specificeticn and at locations skown 

in the contract plens and/or as directed by the Engineer. This item shall elso 
include coring 6" +1/8" diereter core holes into which the devices will be placed 
setting the devices in polymer concrete and forming transverse Joint grooves to 
reestablish transverse joints over tre devices. 


MATERIALS a 





U of I Retrofit Load Trensfer Devices - The devices furnished shall be the U of I 
. type as ranvufactured ty the Dayton Superior Corporation of MMazisburg, Chic. Thea 
devices shall be rroduced from two pieces cf #11 gueze mild steel (type A26) 
which have teen formed and resistance welded o> rivited together to conferm to 
the configuration end dimensions es detailed in the contract piens. Atter 
febrication, the devices shall be completely ccated with 2 tinfioun 7 oti fiis 
thickness of eroxy. The intericr portion cf the bellows cf eechn device enali 
then be filled with reolyurethane fcen for ita entire desth. Two preeut pieces 

of 1/4" thick polyvinyl foan with edhesive backing shall he Surmished with eech 
Gevice. Prior to installation the foen shall te ayplied cyver the exterior of 

the tellows of esch device for its entire derth to act as an expsusica rediun, 

as a sealer tetween the core hole end ends of the steel beliows. and bond tre2ker 
between the device and abutticg polymer concrete. 4 
Polymer Concrete - The polyner cenerete (P.C.) furnished shall te 2 two-component 
methyl rethacrylate (181) polymer concrete system as menufactured by Trensto 


Materials, Inc. (Silfxsl), . on : 2 ae, 3 pee. . 
Internation Ccrp. (Dereeryl), Adhesive Engineering Co. (Ceneresive) cal 
: = 


. and approved by the Director, Materiais fureau, 


The power ccxcsonent shell te pre-rizxed material censistirg cf rolymer, catalyst, 
fine fillers and fine egeregeatee not to exceed 1/16" in diazeter. The Lit ; 
monomer liquid shail contein that acount of hardener required for curing of the 
syctes wichita 45 minctes to 2 hours under field conditions with substrete 
temperatures es low es 15°F. 


The mortar miz prepared fxm the pre-packeged caterial shell be sufficients 
plastic to accept additions] ecapleteiy dried graded ageregsate, sized trem i/6" 
to 1/2" XX k 
to ; 4 

ST ye 


The aggregate used to extend the yleld shall meet requirements of Section 703-€2 
Coarse Aggregate except crushed sleg ehali not be alilcxed. The sugregate gredaticn 
and quantity sheil te in accordence with the manufecturer's reccomendaticns and 
eprroved by the Director, Materials Buresu beced on latcrsatory trial aixes, 


The pot life of the mized mortar shall have a renze of &€ t9 15 zinmutes and th 
workability ef the =cortar shail be consistent throwghout the substrate sexperatire 
range of 15°F to 1CC°TF. 


2 Watt 745 = bs _ aa = — 
& primer shall te provided to ccat the core hole valis prior to piacing the rciscer 
concrete. Tie pricer shell be e« twe-cemconent $3 resin based system with a curing 
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. All of the above specifications ghali be applicable throughout e substrete 


temperature range of 15°F to 100 F, unlees othervise noted. 


The Contractor shall subcit a 30 lb. bag of the rowder component, 1/2 gallon of 
monomer liquid and 50 lbs. of aggregate to the Directcr, Meterfals Bureau for 
trial mixes and approval. The Director shall te allowed 15 working days from 
the time he receives the samples to render his decision. 


CONSTRUCTICN DETAILS 


The U of I retrofit lced transfer devices shall be pleced after the grinding 
operations are completed but before the transverse end longitudinal Joints ere 


. resealed, % 


The Contractor shell core 6" +1/8" diameter holes directly through the transverse 
contraction joints for the full depth of the existing PCC paverent at the locations 
shown in the contract plans and/or es directed by the Engineer. Care shall te 
taken to insure that tke core holes ere plucb and that half the core is taken 

from one paverent slab end half from its adjoining counterpart, the widest portion 
of tke core hole (6" dia.) being at the centerline of the existing trensverse 
joint groove. 


Immedietely after corirg the slurry residue remaining in the core hole skall ts 
removed and the holes allowed to dry thoroughly defore the core walls are 
sandviasted. If the pavement is opened to traffic after the coring but before 
sandblasting ccomences, the Contractcr shall replace the cores in their restective 
holes to prevent Scoreigm material froma collecting in the holes between oreraticons. 
Once the cores no lorger serve a useful purpose they shall te rezmoved from the 
project site or be disposed of within the R.O.¥. at a location satisfactory to 
the Engineer. : . 


The Contractor shall schedule his operations so that the core hole weils ere 
sandblasted and vacuumed imzediately before the instellation of the retrcfit 
load transfer devices. These oreraticns skal’ not take place in wet weather. 


The core hole walls shall be sandblasted Yor their full depth to remove any 
residue remaining from coring and to rcouguen the surface of the walls to increase 
bond strenzth. Immedtately thereafter, the holes shall te vacuum cleaned. The 
Engineer shail approve ell sancblasting and vacuum clearing equipment prior to 
commencing cperations. Care-shalti te ‘taken n& to-cisturb-the subbase in’ the 
bottom of the ccre—koles-during-the-sandblesting-and-vacuumizg cperationse, At 
the conclusion of these operations, tne core hole wells skall be rough and dry es 
well as dirt, oil and dust free, as determined by the Engireer. 


The core hole walls shall then be coated with a \NA besed primer ccat epplied 
to the full depth of the concrete substrate with a brush. Precautions shali be 
teken to prevent the primer frem penetrating the transverse joint grecves erd 
contraction cracks telew the grooves. The polymer concrete may be placed during 
the primer ccat's cure pericd. x 


~ 
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Before setting the retrofit load trensfer devices into the primed core holes, the 
two pieces of 1/s" thick polyvinyl foam shall te applied to the exterior tellows 
portion of each device, The devices stall then be set on the subbase so that 

the bellows portion of the devices are aligned with the transverse joint grooves 
and the anchor portions are equidistant frem the core hole walls. Extreme care 
shall also be taken to keep the devices properly aligned in both the horizontal 
and vertical plane while the polymer cencrete is being placed arcund them. The 
devices sksall be set 1 inch +1/4 inch telow the prepared ground comcrete paverent 
surfece, The subbase shall be excavated es necessary to accomplish the desired 
orientatica. 


The polymer concrete shell be mixed by utilizing the plestic bag supplied by the 
manufacturer or by suitable mechanical means recommended by the manufecturer and 


approved ty the Engineer. The cortar shail te mixed with the quentity of pre-mized | 


powder cormpenents and supplied menorer liquid in the PECPOS age s specified by the 
manufacturer. Additional aggregate as described in the material plas os Pato 
shall then be added. 


The polymer concrete shall not be placed on a wet surface or when the corcrete 
substrate is 15°F or less or 100°F or more. 


The mixed polymer ccnsrete shall be manually placed {n the ccre holes as specifies 


{ 


by the zarufacturer. It shall be finished by trowelirg, screeding or by a suitable 


method recommended by the ranufacturer and approved by the Engineer. The finished 
P.C. evrface wre2li be the sare elevation, cross slope and texture es the edjacent 
concrete, 


Tape oz approved sealers shall be used to prevent the polymer concrete fron flexing 


into the gap tetween the ends of the bellcws and transverse Joint end bridging this - 


area, 


All the safety precautions recemmended by the manufacturer for handling polyzer 


concrete shall be strictly edhered to during mizing and placing Operations. 


The work shall progress in such a way that the polyrer concrete 1s cured for a 
minimum of 2 hours before the tae is scheduled to be opened to traffic. 


Transverse joint grooves ehall ie reesteblished over the retrofit load transfer 
devices by fcrming the groove while the polymer concrete is being placed. 


The grooves shail be formed full depth from the surface to the top cf the devices. 
The width of the fcrned greoves shall be within 1/16" of she existing transverse 
Joint groove widths. The medium used to form the grooves rust be rigid, water 
tight and treated with release agents reccommended by the manufacturer cf the 
devices end approved by the Engineer. 


The Joint grooves over the devices skall be cleened snd sealed at the sexe tire, 
in the sace manner and with the same material as is used to *guee the existing 
transverse Joint grooves on the project. 


ween: 


OO 
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If the contract plans require the Contractor to widen the existing transverse 
joint grooves cn the project prior to cleaning and resealing, the reestablisned 
Joint grooves over the retrofit load transfer devices shall also be widened by 
Sawing. Extreme care shall be taken not to strike the devices with the saw 
blade during the sawing operation. é 


BASIS OF ACCEPTANCE 


The retrofit load transfer devices will be accepted at the project on the basis of 
certification by the manufacturer that the deyices meet this specification’ s 
requirements. : 


The ‘polymer concrete and primer will Be accepted at the project on the basis of 


certification by the manufacturer that the materials meet this specification's 
requirements. 


METHOD OF McASUREMENT 


The quantity to be paid for under this item will be: the number (each) of retrofit 
load transfer devices incorporated into the completed work in accordance with the 


contract plans and/or as directed by the Engineer. 


BASIS OF PAYMENT. 


The unit price bid-per each shall include the cost of furnishing at] labor, 
equipment and material necessary to core the six inch diameter holes, ciean and 
sandblast the holes, set the devices in polymer concrete and form the transverse 
Joint grooves over the devices as specified herein: Cleaning and sealing joint 
grooves over the retrofit load transfer devices will be paid for separately uncer 
tts appropriate item. 
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ITEM 18502.3491 DOWEL RETROFIT LOAD TRANSFER DEVICES FOR 
TRANSVERSE JOINTS It PORTLAND CEMENT CONCRETE PAVEMENT 


DESCRIPTION | 7 7 | Brioedng 


Under this item, the Contractor shall furnish and install new dowe! retrofit Icad 
transfer devices in accordance with this specification and at locations shown in 


‘ the contract pians and/or as directed by the Engineer. This item shall also 


include sawing channe!s into wnich the cevicas will 5e placed, cleaning and 

sandblasting these cnanneis, firmly aligning the devices in polymer concrete and 

forming transverse joint grooves to reestablish transverse Joints cver the devices. 
d B - 


e 


MATERIALS 


Dowel Retrofit Load Transfer Devices - The dowel elerent of the devices furnished 
shall be either the same rcund dowels described in subsection 705-15 Transverse 
Joint Susserts or the I beam type as shown on Standard Sa2et 302-9. Tne doweis 
chose n shall be coated with a 12-15 mil dry film thickness of Scotcnkote 2713, an 
8 mil dry film thickness of Harcote, a 12-15 mii drv film thickness of Hysol 
DK “24. C579 or any other fusion bonded powdered efoxy co2ting approved by the 
Director, Materiais 2ureau. In addition, seach dewai sail be coated with a 
suitabie bond breaker which shall ce compatible with polymer concrete and shall 
be subject to tne approvai of the Director, Materiais 3ureau. 
Each retrofit device shall be comprised of one of the above descrihed dowels, 

a matching expansicn cap, a dowel supporting joint forzing medium and at least 
one other dowel supsorting cevice or chair. Acditionai aaa susporting devices 
or chairs wili be allowed if neeaed to supcort tna zowais wnile the polymer 
concrete is curing. Senerally, the retrofit devices outed centorm to the 


_configurations and dimensions shown in the contract plans. : 


Befcre fabricaticn, the Contractor shall submit detailed snoo crawincs showing 
how the dowel susporting cevica(s) or chair{s) and the dena] su2corting scint | 
forming medium wiil be attached to the dowel. The drawings shali aiso includes 
descriptions of the materiais that che supslier prcesczes =O us2 for the dowel 
supporting dcevice(s} or chair(s) and the dowel suszerting jeint forming medium. 
These drawings snail be susmitted to the Sirecter. “ateri2is Sureay for anoreval, 
a decision will be rendcérea ia rive working days from tne time the drawings 

are received. 


Polymer Concrete - The solymer concrete (P.C.} furnished shall be a two comzenent 
methyl mathacrytate {2'A) oolymer concrete system 23 Tinutectured oy transss 
Materiais, Inc. (Sitikal), - z r are DEvERLS - Se Dieat” Pnter~ 
national Corp. (Sur Sine achesive engineériau Oe Des teterg 8 AE? Ag ne a ea 


ae 


: ‘ ’ er aporoved by the Director, Materials Bureau. 


The powder comzonent shali be 2 pre-mixed Tateriai consis of aclymer. catalys 
fine filiers anc fine aggresates not te excaed 1/16" in diam ter. Tha tuta snore 
liquid shail contain taac amount of hardener reguirsd : cr cur ing of the systen 
within 45 minutes to°2 hours under field conditions with substrate temperatures 


as Tow as 15°F 


+. ote ewes 
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The mortar mix prepared from the pre-packaged material shall be sufficiently 
plastic to accept additional completely dried graded agsregete, sized frem 1/8" 
to 1/2" 


The eggregate used to extend the yleld shall meet requirements of Section 703-02 
Coarse Aggregate except crushed slag will not be allowed. The aggregate gradation 


_and quantity shall te in accordance with the ranufacturer's reccomendations ard: 


approved by the Director, Materials Bureau tased on latoratory trial mixes. 


The pot life of the mixed mortar shall heve a range of 8 to 15 minutes and the 
workability of the rortar shall be consistent throughout the substrate temperature . 


_ range of 15°F to 1C0°F, 4 


A primer shall be provided to coat the channel walls prior to placing the polymer . 
concrete. The primer shall be a two-component 1A resin besed eystem with a curing 
time of 20 to 60 minutes. : 


All of the above specificaticns shall be applicable throughout a substrate 
temperature range of 15°F to 1C0°F, unless otherwise roted,. 


The Contracto> sh2l2 sutrit a 30 lb. bag of the poxder ccerpenent, 1/2 gallon of 
monome> liquid and 50 lbs. aggregate to the Director, Materials Sureau for trial 
mixes and aprroval. The Director shall be allcwed 15 working dsys fro=z the 

time he receives the semples to render his decision. 


- 


CCNSTRUCTION DETAILS . i 


The dowel retrofit load transfer devices shall be placed after the grinding 
operations are ccnpleted but before the transverse and Icngitudinel jointe are 
resealed, * 


The Contractor shell saw three inch wide (minizua) channels of sufficient length 
and depth to accommodate the retrefit load transfer devices as detailed in the 
contract plans at the locations ehown in the contract pléens and/or as directed by 
the Engineer. Care skall be taken to insure that the charneis are perpendicular 

to the existing transverse joint grooves ard psrallei with each other, with half | 
the chernel being in cme paverent sist end the other half in its edjoininge 
counterpart. The method used to sew the charneis shail de determined by the | 
Contractor subject to tke approval of the Engineer. ; 


immediately efter sawing all chips of concrete and slurry residue.reraining in the 
channels shall te rercved to the satisfaction of the Engineer. The chennels shsli: 
then be allowed to dry thoroughly before sandbiasting ccxmmences. ; 


The Contractcr exail schedule his operations go that the charneis ere sandblested . 
and vecuumed immediately before the installation of the retrcfi1~ lcad transfer : 
devices, These operations shall not teke place in wet weather. The charmels . 
shall be sandblasted for their full depth to rercve any residue re=aining frea 

chipping and sawing end to roughen the surface cf the channels to increese bond ; 
etrength. Immediately thereefter the channels shall te vecuum cleaned. The i 
Engineer shall arpreve all sandblestizng ard vacuum cleaning equiptent srior to 


commencing operations. At the conclusion of theae operations the channels cheil 
be rough end cry as well ae dirt, ofl end cust free as determined by the Enginear.: 


ee, 


z 


Nw) 
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The channels shall then be coated with a IAA based primer coat applied to the full 
depth of the concrete substrate with a brush. Precactions shall te taken to prevent 
the primer from penetrating the transverse Joint grooves and ccntracticn cracks 


- below the grooves. The polymer concrete may be placed during the primer ccat's 


eure period. 


The polymer concrete shall be mixed by utilizing the plastic teg supplied by 

the manufacturer or by suitabie nechanical means reccmmended by the manvfacturer 
and approved by the Engineer. The mortar shell be mized with the quentity of pre- 
mixed powder ccmponents and supplied moancmer liquid in the proportions specified 
by the manufacturer. Additicnal aggregate as described in the material specifi- 
cations shall then be added. < 

The poly=er concrete shall not be placed on a wet surface or when the concrete 
substrate is 15°F or less or 1C0°F or more. 


The mixed polymer concrete shall be manually placed in the channels in two lifts. 
The initial placement shall corsist of Just enough polyrer concrete to support 
the ends of each dowel. The dowel shall then de placed ‘n the fluid polymer 
concrete and criented within 1/8 inch rer foot in toth the horizontal and 
Vertical directions. Also, the mid-point of the dowel sneli te within cone inch 
of the transverse joint groove. The polymer concrete shaii farcvially encase the 
ends of the dowel once the dewel is properly orierted. Orientaticn of the dowel 
shall be accomplished while the poiymer ccencrete 1s still in a fluid state. 
After the initiel plecerent of polymer concrete has reached ita initial set, 

and the dowel is firmly bonded in place, the second lift srell be placed filling 


’ the rerainder of the channel. Thia lift shail te finished by treveling, screedirg, 


or by a suitable methed reccmmended by the manufacturer end epproved by the 
Engineer. The finished P.C. surface shall be the same elevation, cross-slope 

and texture as the adjacent concrete. if the Contrastcr can ceronmsitrate to 

the satisfaction of the Engineer that the dovels can be pisced anc anchored in 
their rroper crientation by means other than shat described in this specification, 
he will te allewed to do so. : 


Tape or approved sealers shall be used with the dowel devices to prevent the 
polymer concrete frea flowing into the gap between the transverse joint former 
and *<ransverse joint end bridging this area. AMES 
All the safety precautions reccrmended by the ranufecturer for handling polyzer 
concrete shail be strictly sdhered to during mixing and plecing operations. 


The work shsll progress in such a way that the polymer concrete is cured for a 
minimin of 2 hours before the roadway is echeduled to be opened to traffic. 


Transverse expansion joints shall be established by forming the Joint while the 
polymer concrete is being placed. 
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: The width of the joint shall be within 1/16" of the existing transverse joint 

<3 groove widths. The medium used to form the joint must be rigid, compressible, 
water tignt and treated with release agents recommended by the manufacturer of 
the polymer concrete and approved by the Engineer. 


The expansion joints formed shall be full depth from the surface of the pavement 
to the subbase. Immediately before cleaning and sealing only the top inch of 
the former shall be removed. 


The joint grooves remaining after the top inch of the formers are removed shall 
be cleaned and sealed at the same time, in the same manner and with the same 
material as is used to reseal the existing transyerse joint grooves on the project. 


If the contract plans require the Contractor ts widen the existing transverse 
Joint grooves on the project prior to cleaning and resealing, the reestablished 
Joint grooves over the retrofit load transfer devices shall also de widened by ‘ 
sawing. 


BASIS OF ACCEPTAKC 


The retrofit load transfer davices will be accepted at the project on the basis 

of certification by the manufacturer that the devices ‘were manuractured in 

accordance with the approved shop drawings and this specificaticn. The manufac- | 
Q turers certification shall also include the foilcwing: . 
> ‘1. The name of the bond breaker and nana and address cf tha manufacturer. | 
2. The type of coating and name and address of the manufacturer. 
3.- The name and address of the coating applicator. 
4. The ASTM grade of steel and rolling mill. \ 
5. The name and address of the assembly manufactures. 


6. The correlation between the rolling mill's and supplier's certifications. 


METHOD OF MEASUREMENT 


sera 


The quantity to be paid for under this item will be the numSer (each) of retrofit 
Toad transfer devices incorporatad into the completed work in accordance with the 
contract plans and/or as directed by the Engineer. © 


BASIS OF PAYMENT . 7 4 


"The unit price bid per each shall include the cost of furnishing all Jabcr, 
requipment and material necessary to construct tha required channels, clean and 


ASAE bk 


sandblast the channeis, set the devices in polymer concrete and form the transvers: 
expansion joints as specified nherein. Cleaning and sealing joint grooves cver : 
e +38 retrofit load transfer deyices will be paid for separacely under its a poropris 
Noes tem. 
' 
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721-20 = RAPID. SETTING POLYMER SCONCRETE 


SCOPE: This specification covers the material requirements for 
prepackaged, rapid setting, polymer concrete repair material. 


GENERAL: Pc_ymer concrete is used to repair portland cement 
concrete. Thre branc names of approved materials wili appear on 
the Department's Approved List. any polymer concrete system not 
appearing on the Approved List shall be tested and subject to 
approval befcre its use is allowed for Department work. All re- 
quirements of this specification and any directives shown on the 
Approved List for these PEOgUr ES shall apply. 


MATERIAL RECUIREMENTS: : 


A. , Polymér Concrete Mortar -wihe paiymer \concrete; morcar 
shall be a two comocnent methyi methacrylate based 


system. One component shall be a premixed powder 
consisting of catalyst, fine fillers, and fine ag- 
gregate not to exceed 1/16" in size. The other 
component shail be a methyl methacrylate monomer 
liquid capable of chemicaily reacting with the 

powder component such that the mixture hardens to 

a completeiy cured condition within three (3) hours 
at temcreratures setween 15F and 100F inclusive. 

The working lire of the mixture shall be a minimum 

of 10 minutes and its workability shall be consistent 
throughout the above temperature range. The shelf 
life of unreacted components, stored at room tempera- 
ture and in a dry atmosphere, shail be 6 months, ~ 
minimum. 





B. Proverties of Cured Polvmer Concrete - Neat sclymer 
concrete specimens, wnen prepared in accordance with 
the manufacturer's mixing instructions, shail exhibit 
the following proserties when cured for 168+2 hours 
ato IStore . 

PROPERTY REQULRS MENT Sate 
Compressive Strength, osi,min. 4000 ASTM’ C39 
Modulus of Rupture, psi,min. 1500 ASTM C536 
Elastic Modulus, osi {0.5 to 1.0}x106_ ASTM C530 
Thermal Exoansion Coeffic ent yer ee eco 2~01-%10—-4A45TM. C531 

in/fjin/°r $ 
c Freeze-Thaw Weight Loss, %-max. 4.0 NY 216 
wa72 


S/a/ BS 


C. Aggregate - Aggregate may be added to the ore-packaged 
polymer concrete to extend its volumetric yield. Unless 
otherwise approved by the Director, Materiais Bureau, 
the maximum amount of additional aggregate shall be 
75% by weight of the sowder component included in the 
batch. The aggregate shall be completely dry, sized 
from 1/8" tc 1/2", and meet the requirements of sub-. 
section 703-02, Ccarse Aggregate. The use of aggregate 
designated 703-0294, Crusned Slag, shall not be 
allowed. 


D. Primer - The primer shall be a two component methyl 
methacrylate resin system capable of enhancing the 
bond between the solymer concrete and the substrate. 
It shall have a curing time of 20 to 60 minutes at 
temperatures between 15F and 100F inclusive. 


E. Flammability - The polymer concrete shall not support 
Or sustain combustion within five (5) minutes after 
mixing. 

BASIS OF ACCEPTANCE: Application for material approval shall be 

submitted to the Director, Materials Bureau. The application 

. Shall be accompanied by at least a 50 potnd, production run, 

sample of material. Upon aoproval, the name of the product will 

be placed on the Devartment's Approved List. Products so listed 
will be accepted at the work site on the basis of the brand name 
labeled on the container. 


2i2 
§/3/83 
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